Abstract. Objective of this paper is applying KMV Credit Risk Model to the credit assessment of China listed companies, the KMV Model needs to be modified in combination with the characteristics of listed companies, and setting an accurate default point is crucial. This paper uses several methods including Genetic Algorithm, Double Total independent sample t-test. It introduces Genetic Algorithm into KMV Model, and takes the Double Total independent sample t-test function as the fitness function of genetic algorithm to solve the optimal default point problem of China listed companies. The study shows the conclusion that the KMV model has adaptability in the credit risk assessment of China listed companies, and the optimal default point calculated by genetic algorithm make the KMV model has the strongest distinguishing ability.
Introduction
As the issue of the Basel III in December 2010 and the implementation of Chinese version of the Basel III, risk early warning which take credit risk, market risk and operational risk as three pillars will become the key work ofchina banking regulatory department and commercial banks in the future. Among these three major risks, the credit risk is critical and also the most important and difficult issues in the risk measurement.
In 1993, America KMV company launched KMV credit risk assessment model, it is one of the key credit risk assessment model in the international community; based on Metron option pricing model, KMV credit risk assessment model evaluates the company's future insolvency and default risk by using the financial data and stock trading data of listed companiesas references [1, 2] .
KMV company believes that when the company's assets are less than or equal to a default point ( DP ) which is between its short-term liabilities and total liabilities, then the risk of default is greater. Although the default point is given in the model, this point is not necessarily suit the actual situation in China, because the default point is calculated by a large number of historical date based on the American companies. Thus, based on the previous study results, this paper solves the optimization problem of default point of China listed companies by introducing genetic algorithm and Double Total independent sample t-test as the fitness function of genetic algorithm [3, 4] .
In addition, there are some domestic scholars committed to the KMV improved-model empirical study, also achieved good results. Leining Li(2007), Ruowei Ma(2014) , Shubin Jiang(2016), etc. determined the default point of China listed companies by comparing the default situation of ST and non-ST companies under different default point and combining with the statistic tests. Jinghai Feng(2016) solved the optimization problem of default point by introducing genetic algorithm.
Genetic Algorithm. Genetic algorithm is a mechanism calculation model which simulate natural selection and genetic of Darwin's biological evolution theory. It is a kind of self-organizing and adaptive artificial intelligence technology which could solve the extreme value problem. It can find the optimal solution by simulating the natural evolutionary process, and it is widely used in the fields of automatic control, engineering design and social sciences. It is also suitable for solving the nonlinear optimization problem.
Its main idea is: representing gene coding of population by using binary character encoding. After an initial population is randomly generated，successive evolution produce increasingly better approximate solution according to natural selection. In each generation, individuals are selected according to the size of the individual fitness in the problem domain. And the genetic operators in natural genetics are used to produce next generation. Through the selection, crossover and mutation, the population with low adaptability will be phased out, and the one with high adaptability will be left. Finally, the optimal individuals in the last population are decoded and can be used as the approximate optimal solution of the problem
In the genetic algorithm, the selection of fitness function directly affects the convergence rate of genetic algorithm, because the genetic algorithm is based on the fitness to determine the individual fitness for the survival of the fittest. In this paper, the optimization problem of KMV model default point is taking Double Total independent sample t-test as the fitness function of the genetic algorithm to solve the problem of the optimal default point of China listed company by comparing the difference of the total mean difference between the non-ST and the ST companies.
KMV Model and Parameter Setting Calculation
Step. According to American scholars Merton and Scholes's Black-Scholes-Merton option pricing theory, KMV model see listed company's equity value as a call option, liabilities as a put option, and assume that the company's asset value is subject to normal distribution for some time in the future. Generally, the KMV model can be divided into three steps:
Step 1:Calculate the company's asset value(VA)and asset value volatility ( A  ). According to the Black-Scholes-Merton option pricing model, the relevant conclusions shown as below:
where E V is company equity value; E  is equity value volatility; D is face value of company's debt, which can be observed; r is risk-free rate; T is debt maturity.
obtained through the listed companies' stock circulation and parameter setting, then calculate A V 、 A  using simultaneous Eq.1 .
Step 2: Calculate Distance-to-Default ( DD ). KMV company found that when the company's asset value fell to the book value of the debt, the default event does not necessarily occur, because the long-term debt provides a buffer space to company. KMV company gets a default point between short-term debt and total debt based on the United States historical data. That is, in the United States, the most frequent default point in the company's asset value is less than or equal to short-term debt plus 50% long-term liabilities, 0.5 DP SD LD  (2) KMV defines the Distance-to-Default as:
According to the hypothesis of the Black-Scholes-Merton model, the firm's asset value is subject to a normal distribution or a lognormal distribution, the firm asset value at future point T should satisfy:
where ()
is the expected asset value in the future point T;  is expected growth rate of firm's value;  is the stochastic factors that affect the yield, which subject to the standard normal distribution，~(0,1) N  . Mathematical expectation for both sides of Eq.4 (here does not give the derivation process due to the limited space):
(5) thus, the DD is calculated as follow:
Step 3: Calculate Expect Default Frequency ( EDF ). After lots of studies, KMV company found that there is a mapping relationship between the DD and EDF , EDF can be calculated by the following equation:
Parameter Setting. In the KMV model, the parameters which need to be pre-calculated and set are: market value of firm's equity ( E V ), firm's equity value volatility（ E  ）, the face value of company's debt ( D ), the risk-free rate（ r ）, the maturity of debt （ T ）and the expected growth rate of firm's value(  ).
Firm's Equity Value (
E V ). In the domestic research, people agree on the stock price behalf of the equity price; In the handling of non-tradable shares, although most of the China listed companies have completed the split share structure reform, but in the data sampling process, still found some non-tradable shares exist; so in the calculation of equity value, the number of tradable shares and non-tradable shares should be all taken into consideration, the value of the firm's equity calculation using the following equation: E V = Number of share outstanding ×Closing price + Number of non-tradable shares× Net assets per share 2 . Firm's Equity Value Volatility ( E  ). The volatility calculation is calculated from the historical data volatility and the GARCH (1,1) model. The former predicts the stock which base on the historical closing price of the sample company, the latter considers the variance of time volatility. This paper uses the historical data to calculate the equity value volatility. Under the assumption that the stock price is subject to the normal distribution, the daily return rate of the stock can be expressed as: 4. Risk-free Rate ( r ) and maturity of debt (T ). Domestic scholars are consistent with those two parameters. The risk-free rate is set as the benchmark one-year deposit rate announced by the People's Bank. In this paper, we use the benchmark interest rate of 2016 as the risk-free rate, which equal to 1.5%, and the maturity of debt is 1 year.
5. Expected growth rate of firm's value (  ). Leining Ning (2007) used the arithmetic mean of the company's net income growth rate in the past three years to show the expected growth rate of firm's value. Yongsheng Yang (2010) compared four existing estimation method of expected growth rate of firm's value. To simplify, we assume the expected growth rate of firm's value is 0.
Optimization design of Default Point
In the KMV Model, setting default point is critical. The default point used in KMV company is based on the U.S historical database, which is more suitable for capital market in western developed countries. This point is not necessarily consistent with the actual situation in China, so it should be modified when introduction of the model.
In the design of the default point DP SD LD   , some domestic scholars use step size method in the (0,1) interval to evaluate the long-term debt coefficient  . Comparing the mean differences of DD between non-ST sample company and ST sample company, scholars use the maximum value of mean differences as long-term debt coefficient. However, this method is not reasonable for two reasons. Firstly, only by comparing the sample mean difference can not represent the difference between the sample population; secondly, the value of  can only be the maximum or minimum number which is set by author, because the expression of sample's mean differences is a linear function, shown in Eq.11 .
where M is the sample mean difference between the non-ST company and the ST company, and it is a constant.
Therefore, we introduce statistical test method to solve the problem of default point. This paper uses Double Total independent sample t-test method to determine the sample population mean differences' significance of non-ST and ST companies DD . DP SD LD   ，where ( 1) S is the sample variance of non-ST company and ST company. According to t-test, the greater the value of t , the more significant of the sample population mean differences of non-ST company and ST company. Therefore, the optimization problem of the default point can be regarded as the problem about choosing maximum value t in the internal of (0,1)   . In order to solve the value of t , we introduce the genetic algorithm to solve the optimal solution of the nonlinear function. We define the fitness function of the genetic algorithm as follows: , then get the optimal default point. Fig.1 is the genetic algorithm flow chart. Table 1 and Table 2 . Then, substitute the assets value, the asset value volatility and default point of the sample companies into the Genetic algorithm fitness function, and the final expression of GA  （ ） by using MATLAB is shown as below: )，the overall mean difference between ST and non-ST samples is the most significant. Fig.2 shows the best fitness of the genetic algorithm and the value of the by using MATLAB.   、 which is randomly chose into sample; and then compare the sample mean differences between the ST and non-ST companies, the data shown in Table 3 . into sample data, predict 40 sample companies' probability of default by using MATLAB. The results are shown in Table 4 . 
Conclusion
The main point of this paper is setting right default point of KMV model, and solve the optimal default point problem of China listed companies by introducing the genetic algorithm and using Double Total independent sample t-test as the fitness function of genetic algorithm. Compared with the traditional method, the default point obtained by the genetic algorithm is more accurate. Due to the limited time, this paper is limited in sample selection. And by increasing the sample size, the default point will be more in line with the actual default situation of China listed companies.
